Objective: Femoral nerve block (FNB) is a popular, minimally invasive postoperative pain management procedure following total knee arthroplasty (TKA). Prolonged motor blockade has been associated with increased risk of fall. The primary objective of the present study was therefore, to evaluate the risk of falling or near falling for FNB in patients who underwent TKA.
INTRODUCTION
Total knee arthroplasty is the most acknowledged successful surgical intervention for osteoarthritis that often results in considerable postoperative pain which often hinders physical therapy (PT) and rehabilitation that adversely affects outcome and diminishes functional recovery. Postoperative analgesia is a critical aspect of TKA, as effective and adequate analgesia has been shown to produce high levels of patient satisfaction, improves functional outcomes, shortens hospital length of stay, and lowers costs of care. Several analgesia techniques have been employed to meet multiple, often competing demands, with each presenting specific advantages and drawbacks. Femoral nerve block is an effective and accepted mode of postoperative analgesia for TKA but has a documented complication rate and associated with increased risk of falls due to quadriceps weakness. 1 The primary objective of this prospective, randomized controlled study was therefore, to evaluate the risk of falling or near falling for FNB in patients who underwent TKA. The authors also evaluated pain scores; analgesic consumption during the postoperative days (PODs), and length of hospital stay as their secondary objectives. We hypothesized that group where FNB has been used as postoperative analgesia as an adjunct would have increased risk of fall when compared with the control group. We hypothesized that increased risk of fall would be negatively correlated with rehabilitation process.
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MATERIALS AND METHODS
Study Design
The present study was a multicentric, controlled, blinded, randomized, prospective comparative analysis to evaluate the risk of falls of FNB used as an adjunct to multimodal analgesia (treatment group FNB) with control group (control) in patients who underwent primary unilateral total knee replacement (TKR) between August 2016 and February 2017 at our institution. The study was approved by the Scientific Review Committee and the Institutional Review Board of the participating Health Service. Written informed consent (about the surgical technique, risks, and potential complications) was provided according to the Declaration of Helsinki and obtained from all participating patients.
Inclusion and Exclusion Criteria
The inclusion criteria were as follows: Patients of either sex with grade three or four primary osteoarthritis knees in at least one tibiofemoral compartment (Kellgren and Lawrence system) 2, 3 and voluntary participation in the study. Exclusion criteria consisted of (1) active inflammatory or connective tissue disease (i.e., lupus, rheumatoid arthritis), (2) neuropathy, (3) a history of patellar fracture, patellectomy, patellofemoral instability, or prior unicondylar knee replacement or high tibial osteotomy, (4) hypersensitivity to nonsteroidal anti-inflammatory drugs (NSAIDs) or local anesthetic agents, abnormal liver or renal profile, history of peptic ulceration and upper gastrointestinal hemorrhage, cancer, hyperkalemia, (5) history of coagulopathies, hematological or neuromuscular disorders, (6) psychiatric diagnosis and/or any other circumstances that would make participation not in the best interest of the cohort or could prevent the protocolspecified outcome evaluation.
Procedure
A target population of 142 patients (35 men and 107 women) were enrolled in this multicentric prospective analysis and were randomized into two groups: Those who received a FNB (treatment group; GF, n = 71) and those who did not (control group; GC, n = 71). The patients were examined/screened for their severity of arthritis (Kellgren and Lawrence system) 2,3 and deformity.
Clinicodemographic variables, including age, gender, grading of osteoarthritis, deformity, and comorbidity if any were recorded preoperatively ( Table 1 ). All the operations were either performed or supervised by the senior author using standard midline incision with medial parapatellar arthrotomy without tourniquet under spinal anesthesia. Standard cuts and release were made and soft tissue balancing done. Patellar resurfacing was done in all cases. Trial checking was done. All had posterior stabilized metal-backed TKR. All the components were cemented. Wound closure was done in layers after thorough pulse lavage. No drains were used in either group. After completion of closure, under aseptic precautions ultrasound-guided single-injection FNB with 20 mL of 0.5% ropivacaine was administered to the FNB group. 4 Both groups received similar anesthetic procedure, postoperative analgesia, and rehabilitation protocol. All patients received a standardized analgesia regimen during POD 1-4 consisting of diclofenac suppositories 50 mg PR 6 hourly until discharge. No parenteral narcotics were used. Patients who reported moderate-to-severe pain (i.e., if the VAS ≥ 3) were given IV 1 gm acetaminophen as rescue medication. Postoperative ankle pumps means ankle movements to be started by patients after the surgery. Static quadriceps and high sitting were allowed from the next morning. Straight-leg raise (SLR) was allowed whenever patient was comfortable. The range of movement was documented daily by a physical therapist using a goniometer. Following discharge, all patients were given a standard discharge analgesic medication and rehabilitation protocol. Data were collected by an assessor who was blind to the patients' group allocations for the duration of study. Assessment was performed prior to surgery, on the day of discharge, at 1, 2, and 3 months following surgery. Complications, such as fall or near fall, periprosthetic fractures, neuritis, or any other adverse effects were documented. 
Postoperative PT/Rehabilitation Schedule
The aim of PT during the early PODs was to achieve independent and safe ambulation and encouraged independent stair climbing (while holding the railing). Immediate postoperative period: PT (ankle pump and active knee range-of-motion exercises, SLR) was started as the effect of anesthesia weans off and patient was comfortable. POD 1: Ambulation exercises using long knee brace and walker; gait training and full weight bearing was encouraged (as tolerated); POD 2: Cane walking stick was encouraged (as per patient comfort and confidence); POD 3: After achieving independent weight bearing with cane, they were allowed staircase climbing; POD 4: The patient was discharged. Further rehabilitation was carried out by a home visiting physical therapist.
Outcomes Measured
The present study recorded and evaluated the following outcome measures. Primary outcome included risk for falling (using Tinetti Gait and Balance Instrument; total score < 19: High risk of fall), 5 TUG 6,7 (a patient who takes ≥ 13.5 seconds to complete the TUG is at high risk for falling), and other adverse effects if any. A fall was defined as an unpredicted episode where a person falls to the floor from a higher level or the same level. 8 Unintentional falls (e.g., road-traffic accidents or falls while riding a bicycle) were excluded. Secondary outcomes included pain scores (VAS 0-10) on POD 1-4/ discharge; quadriceps functions (ability to hold quadriceps tension or to lift the leg), analgesic consumption during POD 1-4, and time to discharge (duration of hospitalization).
Statistical Analysis
Normally distributed data are expressed as mean ± standard deviation. Comparisons between equivalent groups were performed by a two-tailed t-test. Differences were considered statistically significant at p < 0.05(two-tailed).
RESULTS
The clinicodemographic variables did not show any significant difference (p > 0.05; Table 1 ). All the patients in both groups reported significantly less pain scores than at baseline (p < 0.05) following TKA. The GF demonstrated significantly lower VAS scores (p < 0.05) than GC during early POD 1-4 and subsequent follow-up periods (p < 0.05). At 3 months, no significant difference was found in the pain scores, but the G F had better pain relief (Table 2 ). Mean total hospital NSAID consumption during hospital stay was significantly reduced in GF patients when compared with the GC (p < 0.05; Table 3 ). Also, statistically significant percentage of patients in GC required rescue medication than GF (Table 4) . The ability to perform the SLR was significantly delayed in GF patients (51.74 ± 9.90 vs 23.71 ± 19.03 hours after surgery; t = 11.0104; p < 0.0001, p < 0.05; Table 5 ). Hospital stay has been shown to be significantly longer in GF (6.01 ± 1.00 vs 4.33 ± 0.50 days; t = 12.6615; p < 0.0001; Table 6 ). Furthermore, risk of fall was negatively correlated with the rehabilitation process (r = −0.88 [p = 0.037]). The risk of fall negatively affects the ability of patients to initiate ambulation and delayed the rehabilitation process. Of the 142 patients enrolled, 134 (94.36%) completed a 3-month prospective observation (8 patients were excluded due to periprosthetic fractures). Of these patients, none of the patients in either group has reported falls in the 6 months before surgery, whereas 37 patients (26.05%) reported falls in the 3 months after surgery. Majority of falls (97%) occurred during the first month of surgery. Twenty-eight patients (39.4%) in GF and nine patients (12.6%) in GC experienced fall or near fall during first 2 months of surgery ( Table 7) . The difference is significant (p < 0.05). Out of 28 patients in GF 8 (28.57%) sustained periprosthetic fractures and underwent reoperations during the follow-up (1 month) period and were therefore, excluded from the secondary outcome assessments. Out of nine patients in GC, only two (22.2%) had opening of arthrotomy and underwent resuturing of arthrotomy. At 3 months, 55 patients in GF had reported postoperative neuritis (paresthesia: Sensory abnormalities in the distribution of the femoral nerve). The incidence was significantly higher in women.
During the early PODs/on day of discharge both groups had significantly longer TUG test times than in the preoperative tests (p < 0.0001, t = 11.7326; df = 140). For each subsequent assessment both groups had improved TUG test time (p < 0.05). At 3 months, TUG test time in GF did not show significant difference when compared with the preoperative test timings (p = 0.69); on the contrary, GC had statistically significant difference of time (p = 0.001). The patients in GF showed a significantly longer TUG test time during subsequent follow-up evaluations when compared with GC (at 1 month: t = 16.0431; df = 132; p=0.0001; at 2 months: t = 7.724; df = 132; p = 0.0001; at 3 months: t = 2.1915; df = 132; p = 0.03; (Table 9 ).
DISCUSSION
The results of the present prospective study demonstrated that patients who underwent TKA experienced a worsening performance on TUG test after surgery, which is consistent with the results of a previous study demonstrating that patient who undergo TKA experience a decline in physical function. 9, 10 The TUG test in GF revealed significantly longer time. In the present study, TKA patients in GF displayed significant deficit in functional performance during immediate PODs and even at 3 months after surgery when compared with the control group, indicating inadequate rehabilitation process. Femoral nerve blocks significantly impair quadriceps strength, resulting in delayed and inadequate rehabilitation process. In our study, 87% of the patients had documented weakness by the physical therapist during the early PODs. Though improvement had been appreciated during the subsequent follow-up period, they failed to show any significant difference at 3 months when compared with the preoperative assessment (p = 0.67). Authors stated that decreased quadriceps strength was primary contributor to decreased functional outcomes in patients receiving FNB. Authors suggested that in such patients a more vigorous and consistent early intervention in terms of PT must be instituted that may increase functional recovery. The aim of PT following TKA was to achieve independent and safe ambulation, to encourage independent stair climbing (while holding the railing), joint mobility, and gaining muscle strength. 11,12 Early The result is significant at p < 0.05 jorapain initiation of PT after arthroplasty is imperative to ensure the optimal outcomes and improving gait and balance training after surgery.
13,14
The present study reported a statistically significant increased risk for falls in patients receiving FNB following TKA compared with those without blockade. Although both groups during the first month following the surgery showed increased risk of falling, significant in GF, our results indicate that FNB may increase the persistency and frequency of falls. The present study demonstrated that 71.83% of patients in GF and 15.49% of patients in GC achieved the total score lower than 19 points according to Tinetti index, meaning high risk of falls. Even at 3 months, statistically significant percentage of patients in FNB group had scores less than 19 points, indicating high risk fall. Although the cause of these falls may be multifactorial, the authors articulated that decreased quadriceps strength was the key factor contributing to the risk of fall following TKA, further enhanced in patients receiving FNB. Furthermore, it is believed that this high risk of fall could be related to age of the patients involved (mean age 69.05 ± 1.66 years) as aging provides sensory disorders of balance, postural control, and level of cognitive and motor response, which makes the individual prone to falls. 15 The present study observed a significant postoperative fall in GF (χ 2 = 13.1949; p < 0.05). Majority of falls (97%) occurred during the first month of surgery. The author suggested that as a consequence of persistent quadriceps strength deficit, these patients have increased risk of falls. Out of 28 patients who received FNB, eight (28.57%) of them sustained periprosthetic fractures. All of the patients underwent revision surgery and remained nonweight bearing for 8 weeks. These patients have reduced range of motion despite adequate PT. Our results indicate that FNB may increase the persistency and frequency of falls which is a well-documented risk. 16, 17 This has been the result of speculative etiology. Previous research 18, 19 also reported episode of buckling and/or fall owing to decreased quadriceps strength during PODs in patients received FNB. Previous research 20, 21 has reported benefit with FNBs in terms of early ambulation and reduced length of hospitalization. The current study contradicts these findings as we have observed a significant delay in rehabilitation and early ambulation in patients received FNB, which in turn increases the risk of prolonged hospitalization. Decreased quadriceps strength, increased risk for fall, fear of fall, and age were the contributing factors. At 3 months, we found significant difference in incidence of postoperative neuritis which is secondary to block (paresthesia: Sensory abnormalities in the distribution of the femoral nerve) in patients who received a FNB and those who did not. This high incidence of postoperative neuritis was secondary to block and also due to degenerative spine. Results were consistent with those of Auroy et al 22 who had reported the residual symptoms 6 months after injury to nerve in 50% of cases. The incidence was significantly higher in women. None of the patients reported femoral nerve palsy. None of the patients in both groups reported infection, deep vein thrombosis, and local hematoma.
CONCLUSION
Femoral nerve block is a well-accepted adjunct for postoperative analgesia following TKR. The Tinetti and gait index and TUG test time showed increased risk for falls for patients who received FNB owing to decline in physical function. Furthermore, the risk of fall was negatively correlated with the rehabilitation due to muscle weakness and fear of fall. The FNB not only delays the rehabilitation but also causes an increased risk of fall, which in turn contributes to periprosthetic fractures (the most dreaded complication), longer hospital stay, and increased cost of care. The data of the present study were alarming and should serve as a red alert to surgeons to identify vulnerable patients to fall to prevent injury. In view of these critical concerns, we cannot recommend FNB for postoperative analgesia after TKR.
LIMITATIONS
Sample size and follow-up were short. We did not have longitudinal data to conclude whether falls occurred for a long period. More research is desirable to inspect the relationship between risk of fall, worsening of physical function, and FNB block in the long term.
